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Two experiments were conducted in the laboratory to determine leaching losses from submerged mangrove 
leaves: the first, on freshly-picked and air-dried senescent Avicennia marina (Forrsk.) Vierh. leaves sub-
merged in water of different salinities (16 and 32%0) for up to 14 days; the second, on freshly-picked 
senescent leaves of A. marina and Bruguiera gymnorrhiza (L.) Lam. submerged in water of 16%0 for up to 7 
days. In both experiments, loss of dry mass and changes in nitrogen, phosphorus, potassium and tannins of 
the leaves were monitored. 
In the initial experiment there was a mean loss in dry mass of 24.6% after 14 days. The chemical analyses 
revealed that, although there was no significant decline in nitrogen concentration, there were sharp de-
creases in the other constituents. The greatest total loss relative to the amount initially present in the litter 
was in potassium (83 - 95%), while the losses for phosphorus and tannins were 57 - 87% and 74 - 85%, 
respectively. In general, losses were greater at 16%0 than at 32%0, and air-dried leaves showed greater initial 
losses than fresh leaves. 
In the second experiment, trends in leaching losses of both species were similar to those of the first experi-
ment. With the exception of nitrogen, the concentrations of phosphorus and potassium (expressed as 
percentage oven-dry mass) had decreased significantly after 6 h in both species, while the concentrations of 
tannins showed a significant decrease only after 24 and 48 h in A. marina and B. gymnorrhiza, respectively. 
This work has confirmed that significant losses take place in the leaf litter as a result of leaching. It is 
suggested that those losses could have important consequences for the estuarine ecosystem. 
Twee eksperimente is in die laboratorium uitgevoer om die logingsverliese uit ondergedompelde mangliet-
blare te bepaal: die eerste, op varsgeplukte en luggedroogde verouderende blare van Avicennia marina 
(Forssk.) Vierh. wat tot 14 dae lank in water van verskillende soutgehaltes (16 en 32%0) gedompel was; die 
tweede, op varsgeplukte verouderende blare van A. marina en Bruguiera gymnorrhiza (L.) Lam. wat tot 7 dae 
lank in water met 'n soutgehalte van 16%0 gedompel was. Die verlies aan droa massa en veranderings in 
stikstof, fosfor, kalium en tanniene van die blare is in albei eksperimente gemonitor. 
In die eerste eksperiment was daar na 14 dae 'n gemiddelde verlies van 24% aan droa massa. Die 
chemiese ontledings het getoon dat hoewel daar geen betekenisvolle afname in stikstofpersentasies was nie, 
van die ander bestanddele skerp gedaal het. Die grootste totale verlies met betrekking tot die hoeveelheid 
wat aanvanklik in die afval teenwoordig was, was aan kalium (83 - 95%), terwyl die verliese vir fosfor en 
tanniene onderskeidelik 57 - 87% en 74 - 85% was. In die algemeen was die verliese groter by 16%0 as by 
32%0 soutgehalte, en luggedroogde blare het groter aanvanklike verliese as vars blare getoon. 
In die tweede eksperiment was die neigings in logingsverliese by albei spesies soortgelyk aan die van die 
eerste eksperiment. Met doe uitsondering van stikstof, wat nie betekenisvolle verskille getoon het nie, het die 
konsentrasies van fosfor en kalium (uitgedruk as persentasie oondgedroogde massa) na 6 h betekenisvol 
afgeneem by albei spesies, terwyl die tannienkonsentrasies slegs na 24 h en 48 h by A. marina en 
B. gymnorrhiza, onderskeidelik, 'n betekenisvolle afname getoon het. 
Hierdie werk bevestig dat betekenisvolle verliese as gevolg van loging in die blaarafval plaasvind. Hierdie 
verliese kan moontlik belangrike gevolge vir die ekosisteem van die riviermonding he. 
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Introduction 
Two species of mangroves, Avicennia marina (Forssk.) 
Vierh. and Bruguiera gymnorrhiza (L.) Lam. are important 
components of the Beachwood mangrove swamp (Mgeni 
Estuary). A survey of litter production has revealed that for 
A. marina and B. gymnorrhiza, the mean yield was 1.91 and 
2.26 g dry matter m -2 day-I, respectively, of which leaves 
form a significant component (approximately 60%) (Steinke 
& Charles 1986). As several authors (Golley et al. 1962; 
Odum & Heald 1972; Lugo & Snedaker 1974; Teas 1976) 
have indicated that leaf litter may make a major contribution 
to the nutrient budget of an estuary, a programme was 
initiated to study the degradation of this component. Earlier 
work studied the rate of decomposition of leaves and stems, 
but the sampling intervals were spaced too widely to be able 
to determine the extent of losses due to leaching (Steinke et 
al. 1983). As leaf litter is usually exposed to tidal action in 
the field, leaching must be considered in a study of decom-
position. Consequently, a project was conducted under 
laboratory conditions to trace the leaching of nitrogen, phos-
phorus, potassium and tannins from the leaves of the two 
common mangrove species at Beachwood. 
Materials and Methods 
The project comprised two components: the first consisted 
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of a study of leaching losses from air-dried and freshly-
picked A. marina leaves submerged in water of 16 and 32%0 
for up to 14 days; the second was carried out with freshly-
picked leaves of A. marina and B. gymnorrhiza in water of 
160/00 for up to 7 days. The first experiment was conducted 
in late autumn and the second followed in the early summer. 
Yellow, senescent leaves, whose abscission was judged to 
be imminent, were picked from trees at Beachwood and 
taken to the laboratory within an hour. The leaves to be air-
dried were picked several days before the scheduled start of 
the experiment and were placed on a bench in a warm area 
of the laboratory until they had reached constant mass. Air-
drying was introduced as a treatment because in the field 
many leaves which abscise on the upper shore are subjected 
to drying conditions before being inundated by the next 
spring tides. 
At the start of each experiment, leaves of A. marina, and 
in the second experiment B. gymnorrhiza, were sorted at 
random into groups of equal numbers (twelve and two for 
each species, respectively), weighed to equal mass, and 
placed in 500-ml Erlenmeyer flasks. In the case of air-dried 
leaves, moisture contents were determined relative to fresh 
leaves, and the mass of the samples adjusted accordingly to 
ensure that equal amounts (on a dry-mass basis) were placed 
in the flasks for each treatment. To the flasks 3.70 ml 
seawater of salinity 16%0 was added, although in the first 
experiment seawater of 32%0 was also used to assess the 
effect of different salinities on leaching. A salinity of 16%0 
was used since salinity measurements at Beachwood, and 
also in other estuaries, indicated that this was a common 
approximate value. To ensure that the process of leaching 
was not confounded with the actions of decomposer orga-
nisms, bacteria and fungi were removed by filtering the sea-
water through a 0.45-J..I.m millipore filter and by autoclaving 
all equipment such as glassware and filters before use. To 
each of the flasks 0.1 g 1-1 mercuric chloride was also added 
to prevent bacterial and fungal growth on the leaves (Camil-
leri & Ribi 1986). The flasks were sealed with parafilm and 
placed in a growth cabinet set at 24°C with a 12-h light/dark 
photoperiodic cycle and a light intensity of 140 J..I.E m-2 S-1 
at flask height. In an attempt to simulate the action of 
currents, each flask was shaken gently on a flask shaker for 
15 min each day. 
To obtain an estimate of the initial oven-dry mass of 
leaves, samples with the same number and mass of leaves 
were weighed at the same time as the above litter samples, 
dried in a forced-draught oven at 70°C, and then reweighed. 
The mean dry to fresh mass ratio was used to estimate the 
initial oven-dry mass of each litter sample. This material 
was used as a zero time sample. 
In the first experiment, sampling was carried out on days 
1, 3, 6, 9 and 14, while in the second experiment, sampling 
occurred after 3, 6, 24, 48, 72 and 168 h (7 days). At each 
sampling, five flasks were utilized as replications. The 
leaves were removed from the flasks, dried in an oven as 
described above, and weighed. The.oven-dried leaf samples 
from each harvest were milled in a Cassella mill to pass a 
0.6-mm mesh sieve and then analysed for nitrogen, phos-
phorus, potassium and tannins. Nitrogen was determined by 
the micro-Kjeldahl method (Horwitz 1965). Extracts for the 
determination of phosphorus and potassium were prepared 
by ashing according to the method described by Ewel 
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(1976). Phosphorus was determined by the vanadomolyb-
date method (Horwitz 1965) and potassium by atomic 
absorption spectrophotometry using a Varian Techtron 
Model 1200. Tannins were extracted by subjecting milled 
material in distilled water to a reciprocal shaker for 48 h, 
and measured using the tyrosine method (Hach Chemical 
Co., Ames, Iowa). 
All data were subjected to statistical analysis either by 
calculation of standard deviations or by analysis of variance. 
In the latter case, significant differences among sample 




After only one day of submergence all treatments except 
fresh leaves at 320/00 revealed a significant decrease in dry 
mass (Figure 1). At this stage air-dried samples showed a 
significantly greater (P < 0.01) mass loss than the fresh 
samples. By the third day there was no significance between 
these two main effects, but thereafter dried material lost 
mass slower than the fresh. Throughout the experimental 
period there was a significantly greater decrease in dry mass 
in water of 160/00 than of 320/00. 
There were no significant differences in nitrogen concen-
trations in any treatments (Table 1). However, after 14 days 
all treatments revealed a slight decrease, as a percentage of 
oven-dry mass, which suggested that small losses due to 
leaching might have occurred. 
After one day, potassium concentrations in all treatments 
revealed a significant decrease. There was a rapid initial loss 
from the dried material, with highly significant differences 
(P < 0.01) between this and the fresh material. Although a 
greater loss occurred at the lower salinity, the effect of 
salinity was not as marked (P < 0.05) as that of drying. By 
day 3 only the concentration in fresh leaves at 320/00 was 
significantly higher than in the other treatments which were 
not significantly different. By day 14 there was no differ-
ence between dried and fresh material, although greater 
leaching had occurred at the lower salinity (Table 1). Potas-
sium losses, as a percentage of oven-dry mass, revealed 
similar trends except that by day 14, dried material revealed 
smaller losses than fresh material (Figure 1). 
Phosphorus concentrations declined significantly (P < 
0.05) in the first day after submergence. Dried material 
showed a greater decrease than fresh, while there was no 
significant effect due to salinity. After the initial decrease, 
there was a slow decline for the reminder of the period. By 
day 14, significance was similar to that observed for potas-
sium concentration (Table 1). Phosphorus losses as a per-
centage of oven-dry mass revealed similar trends to those of 
phosphorus concentrations (Figure 1). 
Significant losses in tannin concentrations occurred from 
dried material at 160/00 (P < 0.01) and 320/00 (P < 0.05) after 
1 day of submersion, while fresh material showed signifi-
cant decreases only after day 3. By day 14, although only 
fresh leaves at 160/00 showed a significantly lower value than 
other treatments, both main effects were significant (P < 
0.01) with pre-drying and the higher salinity revealing 
smaller losses due to leaching (Table 1). Tannin losses as a 
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Figure 1 Percentage oven-dry mass, potassium, phosphorus and tannins remaining over time of the amount initially present in 
Avicennia marina leaves (16: 160/00; 32: 320/00; D, air-dried; F, freshly picked) . 
percentage of oven-dry mass revealed similar trends to those 
of tannin concentrations (Figure 1). 
Second experiment 
Results with both species in this experiment were similar to 
those obtained with A. marina in the first experiment and 
will therefore not be reported in detail (Table 2). 
Table 1 Mean concentrations of chemical compounds 
in leaf litter of Avicennia marina before and after 14 days 
in 16 and 32%0 seawater 
Concentration (% oven-dry mass) 
Initial Final 
Element Salinity Mean SDb Mean SDb 
N 16 D 0.793 0.101 0.800 0.066 
F 0.831 0.099 0.894 0.107 
32 D 0.894 0.051 0.913 0.061 
F 0.863 0.082 0.929 0.037 
K 16 D 0.491 0.048 0.086 0.026 
F 0.958 0.091 0.070 0.027 
32 D 0.681 0.134 0.144 0.019 
F 1.080 0.225 0.157 0.030 
P 16 D 0.0463 0.0063 0.0076 0.0029 
F 0.0484 0.0104 0.0136 0.0074 
32 D 0.0461 0.0109 0.0252 0.0049 
F 0.0523 0.0107 0.0232 0.0034 
Tannins 16 D 1.866 0.083 0.532 0.101 
F 1.852 0.104 0.392 0.043 
32 D 1.626 0.203 0.600 0.086 
F 1.760 0.185 0.506 0.088 
, D, air-dried; F, freshly picked. 
b SD, standard deviation of the mean. 
There were no significant differences between species in 
dry-mass losses which showed decreases of 24.1 and 20.0% 
in A. marina and B. gymnorrhiza, respectively, over the 
experimental period. No significant losses in nitrogen con-
centration were revealed. In both species there was a loss in 
potassium and phosphorus concentrations with a significant 
decrease (P < 0.05) being perceived after 6 h of sub-
mergence. In the case of potassium, the initial rapid rate 
continued until 24 h, whereafter no further significant losses 
occurred. In contrast, decreases in phosphorus concentration 
occurred at a slower rate with a more steady decline 
throughout the experimental period. Tannins showed the 
greatest difference between species. While tannin concentra-
Table 2 Mean concentrations of chemical compounds 
in leaf litter of Avicennia marina and Bruguiera 
gymnorrhiza before and after 7 days in 16%0 seawater 
Concentration (% oven-dry mass) 
Initial 
Litter Element Mean SD' 
A. marina N 0.580 0.031 
K 0.548 0.012 
P 0.0713 0.0029 
Tannins 1.610 0.045 
B. gymnorrhiza N 0.190 0.047 
K 0.256 0.026 
P 0.0500 0.0067 
Tannins 1.507 0.037 
, SD, Standard deviation of the mean. 
























tion revealed a significant decrease (P < 0.05) after 24 h in 
A. marina, a significant loss (P < 0.05) from B. gymnorrhiza 
was reported only after 48 h. Thereafter, in both species, 
further losses occurred until the end of the experiment. 
Discussion 
There was a significant loss in oven-dry mass in both 
experiments. In the initial experiment most of the loss 
occurred in the first three days of submergence, after which 
there was a continued slow decrease to final mean values 
ranging from 20.3 to 29.3% in the air-dried leaves at 320/00 
and fresh leaves at 160/00, respectively, after 14 days. In the 
second experiment a similar result was obtained with A. 
marina and B. gymnorrhiza, having lost 24.1 and 20.0%, 
respectively, after 7 days. These results compared well with 
those of other workers who, also in laboratory studies, 
recorded losses which ranged from 14% up to 40% of the 
initial dry mass of the mangrove leaves (Van der Valk & 
Attiwilll984; Benner et at., 1986; Camilleri & Ribi, 1986). 
Studies of decomposition in aquatic systems have shown 
that pre-drying litter increased the rate of mass loss initially 
during the degradation process, but decreased it later, 
relative to undried litter (Harrison & Mann 1975; Godshalk 
& Wetzel 1978; Rogers & Breen 1982). This effect of pre-
drying was attributed to damage to cell walls and mem-
branes with drying, resulting in rapid leaching and 
accelerated mass losses initially, and also to inhibition of 
microbial action which reduced the rate of loss over a longer 
period (Schackleton & Rogers 1991). However, in this 
study, although the pattern of leaching from air-dried and 
fresh material conformed with that of the previous studies, 
the application of mercuric chloride prevented any microbial 
action. Consequently, inhibition of the activity of these 
organisms could not explain the slower mass loss in the pre-
dried material towards the end of the experimental period. 
Although there were no significant decreases in nitrogen 
concentration over the period of these experiments, signifi-
cant losses of potassium, phosphorus and tannins did take 
place as a result of leaching. Because the nitrogen concen-
tration did not decrease, no trends were shown for per-
centage nitrogen remaining over time relative to the amount 
initially present in litter. Such trends would have been 
misleading in that they would have largely reflected the 
decrease in dry mass of the leaves. Van der Valk and Atti-
will (1984) also failed to obtain a significant decrease in 
nitrogen concentration after 6 days of submergence al-
though, in common with previous work (Fell et al. 1972; 
Odum et at. 1973; Steinke et at. 1983), they were able to 
show that there was an increase over a longer period of time 
in the field. 
In general, the rate and extent of loss of potassium was 
greater than that of phosphorus which in tum showed more 
rapid early losses than in the case of tannins. Although 
levels of both potassium and phosphorus had decreased 
significantly after 6 h, the greatest total loss relative to the 
amount initially present in the litter was in potassium (83 -
95% lost after 14 days). The more rapid decreases in levels 
of potassium, which were also shown by Van der Valk and 
Attiwill (1984), may be explained by the fact that potassium 
appears to have no structural role in plants (Bidwell 1979). 
No explanations can be offered for the initial differences in 
potassium concentrations in air-dried and freshly-picked 
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litter and for the differences in leaching between 16 and 
320/00. It is suggested that these differences, and the possibi-
lity that some variance may be introduced when sampling 
the leaves, should be the subject of a future investigation. 
Variations in analyses between experiments can probably be 
explained largely by differences in time and exact location 
of sampling. 
In the case of phosphorus, after the initial decrease, the 
percentages stabilized at a relatively high level and the total 
loss relative to the amount initially present was only 57 -
87% after 14 days. A similar trend was shown by MacLean 
and Wein (1978). This is attributed to the fact that soluble 
forms are released relatively quickly from the litter by 
leaching, whereas organic forms which are constituents of 
structural materials, are released more gradually, largely by 
microbial decay (Dowding 1976; Witkamp & Ausmus 1976; 
Swift et at. 1979). 
In comparison with potassium and phosphorus, there was 
a slower decrease in the level of tannins which after 14 days 
nevertheless showed a total loss of 74 - 85% relative to the 
amount initially present. Earlier work suggested that the 
amount of tannin (polyphenols) in the leaves could probably 
influence the rate of decomposition (Steinke et at. 1990). 
Tannin, which is known as an enzyme inhibitor and anti-
microbial agent, has been shown to inhibit bacterial and 
fungal growth (Lewis & Papavizas 1967; Benoit & Starkey 
1968; Swift 1976), and loss of tannins from leaves has been 
shown to coincide with rapid increases in the densities of 
bacteria on mangrove leaves (Cundell et at. 1979; Robertson 
1988). Consequently, in the field, decreases in tannins will 
enable greater microbial colonization and also increase 
palatability of fallen leaves to litter-degrading organisms 
such as crabs (Robertson 1986). 
In this study, because of the treatment with mercuric 
chloride, the decreases could not have been due to microbial 
action, but reflect only losses due to leaching. It is suggested 
that initially losses would be due to leaching of labile 
material, but with time chemical hydrolysis of cell contents 
would produce more soluble material for leaching. Leaching 
from leaves has significant implications for the ecosystem. 
Litter studies in South African estuaries have revealed that 
leaf litter seldom comprised less than 50% and in many 
cases exceeded 72% of total litter (Steinke & Charles 1986; 
Steinke & Ward 1988; Steinke & Ward 1990). This study 
has confirmed that leaching from leaf litter must add to 
these estuaries significant amounts of nutrients which are 
then made available to other organisms. Unfortunately, 
insufficient growth data are available at this stage to enable 
a nutrient budget to be drawn up. 
However, losses from the mangrove zone may occur by 
tidal export of nutrients and leaves from the estuary. No 
estimates are available for the percentage loss of leaves 
from an estuary in this country, but the figure is unlikely to 
be as high as the 25% estimated by Van der Valk and Atti-
will (1984) and observation indicates that it will probably 
not exceed 10% in most estuaries. Earlier work (Steinke et 
at. 1983) revealed that leaves of A. marina sink soon after 
being placed in water, while those of B. gymnorrhiza may 
remain buoyant for longer periods. As the latter species 
usually occurs on higher ground inundated only at spring 
tides, most of the fallen leaves will either have been taken 
by crabs (T.D. Steinke, unpublished) or will have lost 
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buoyancy by the next spring tide period. However, the loss 
of material by tidal outflow will probably be compensated 
by nutrients brought into the estuary by incoming tides and 
by floods upstream. The dynamics of litter export and 
import into one of our South African estuaries is presently 
under investigation. 
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